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REMARKS 



In paragraph three of the Office Action, claims 27-39 and 41-60 were rejected under 35 
U.S.C. § 103(a) as being unpatentable over Sakon et al. (U.S. Patent No. 5,560,857) in view of 
Stanford et al. (U.S. Patent No. 5,244,000) and Kem (Hand Book of Semiconductor wafer 
cleaning technology) and fiirther in view of Sehested et al. (J.Phys.Chem.). 

In one aspect, the current invention discloses a process wherein ozone in combination 
with a scavenger removes organic contamination on a substrate. Applicants do not believe that 
the references alone, or taken in combination, render the claims obvious for at least three reasons. 

First, the invention is directed to the removal of organic comaminanis resulting from a 
previous lithographic step rather than directed to the removal of metallic contaminants (which is 
the subject of the Sakon reference). As discussed in paragraph 4 of the enclosedJDeclaration of 
Stefan DeGendt, one of the inventors of the present application, there is a substantial difference 
between the removal of organic contaminants (and especially the removal of organic 
contaminants resulting from a previous lithographic step) and the removal of metallic 
contaminants. 

As discussed in paragraph S of the enclosed declaration, a typical wet cleaning sequence 
is SCI siep and then SC2 step. The SCI step is typically an alkaline oxidizing step, used to 
remove particles in general, but is prone to introducing metallic contamination, requiring a 
further process step (e.g., SC2 step). The SC2 step is typically an acid oxidizing step, used to 
remove metallic species. The cleaning from the SCI and SC2 steps is surface (monolayer) 
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cleaning. This cleaning sequence is generally known as an RCA clean and has been introduced 
by Werner Kem 'RCA Rev. 31, 1970, p.l87. 

When thicker (visible) layers or residues must be removed, such as a layer of organic 
photore.i.t. at least extra proceeding «tep« are added. Typically, the sequence i« as follows: SPM 
(sulphuric peroxide mixture) step, then diluted HF step, then SCI step, and then SC2 step, SPM 
is a very oxidizing substance which very aggressively removes organic contaminants (such as 
those caused by a previous lithographic step). The SPM step is typically followed by a step in 
which diluted HF is applied. After the diluted HF step, the SCI and SC2 steps are applied to 
further clean the substrate. The claims currently pending give an alternative to the SPM step. As 
discussed in the background section of the patent, the SPM step has several disadvantages 
including: (1) using expensive chemicals; (2) requiring high processing temperatures; and (3) 
causing serious problems in terms of chemical waste treatment of the sulphu^^ 
Thus, the present invention avoids the need for using, for example, the caustic substance of the 
sulptoiTperoxide mixture. Instead, a much more environmentally friendly liquid comprised of 
water, ozone and an additive acting as a scavenger is used, as claimed in claims 27, 51^d 60. 
See paragraph 8 of Declaration of Stefan DeGendt. 

' i7prior art actually teaches away from the use an SC2 step in a photoresist removal 
step. For example, the appended article by Werner Kem entitled "The Evolution of Silicon 
Wafer Cleaning Technology," Electrochem. Sac. Vol. 137, June 1990. discusses SCI and SC2 
steps. In the second full paragraph on page 1888. Mr. Kem describes an SCI step, as shown in 
the following excerpt: 
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In the first treatment step, the wafers are exposed to a hop mixture of water- 
diluted hydrogen peroxide and axnmomum hydroxide. This procedure was desired to 
remove organic surface films by oxidative breakdown and dissolution to expose the 
silicon or oxide surface for concurreni or subsequent decontamination reactions. 

Mr. Kern, again on page 1 888. third full paragraph, describes an SC2 step, as shown in the 
following excerpt: 

The second treatment step exposes the rinsed wafer to a hot mixture of water- 
diluted hydrogen peroxide and hydrochloric acid This procedure was designed to 
remove iali ions and cations such as AL^\ Fe^, and Mg*^ that form NH40H-insoluble 
hydroxides in basic solutions. 
On page 1 888. in the paragraph beginning with "optional processing steps." a preliminary dean- 
up treatment with a hot SPM is mentioned, as discussed in the following excerpt: 

A preliminary clean-up treataient with a hot H2SO4-H2O2 mixture (2:1 vol) can be 
used advantageously for grossly contaminated wafers having visible residues, such as 
photoresist layers. 

Mr. Kern concludes that Jhe^ehemistiy ofan^C^^^ ^^cmsed 
on page 1888 (bottom left paragraph): 

However, using high-purity and point-of-use ultrafiltered and particle-free HF solution is 
used under controlled conditions, more harm than good can result. A silicon surface that 
was exposed to HF is highly reactive and immediately attracts particles and organic 
TontZLits from solution! DI water, and ambient air. rnntrar y to SC-l , the subsequent 
sr.? snlutioT.. which ha? r.» surfactant activ i l v w ill not el iminate these contaminants. 

(Emphasis added). Stefan DeGendt. in his declaration, concludes that not every mixnire of an 

inorganic acid (e.g. HCl) and hydrogen peroxide are capable of removing organic contaminants 

from silicon substrates. See paragraph 7 of Declaration of Stefan DeGendt. Thus, the Kem 

reference on page 1888 clearly states that the SC2 step will not affect the removal ofphoto^^^^ 
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Second, the invention calls for the use of ozone rather than the use of hydrogen peroxide 
(as taught in the Sakon reference). Con trary to the assertio^^ 
interchangeable with hydrogen peroxide, as discussed in th^^PP«"^f^^^f f f^"^^^^ 

oW^ci^^^i^^St^ DeGendt. Moreover, the reactivity of ozone is much higher than 
hydrogen peroxide. Specifically, in order to provide the necessary reactivity in a hydrogen 
peroxide mixture, the concentration of the hydrogen peroxide is typically greater than 10% 
whereas for the equivalent reactivity in an ozone mixture, the concentration of ozone is in the 
parts per million (ppm) range. Id. Finally, ozone is much cheaper to use than hydrogen 
peroxide. As discussed previously, the concentration of hydrogen peroxide must be above a 
certain percentage in order to achieve the desired reactivity. Over time, use of the bath decreases 
the concentration of the hydrogen peroxide, requiring the replacement of ihe bath or the addition 
of hydrogen peroxide. By conlrast, ozone need only be bubbled up in the mixture, making 

processing significantly easier. Id. 

Third. Sakon discloses the use of acetic acid but for an entirely different purpose - not for 
use as a scavenger, as recited in each of the claims. The Examiner states that the Sakon reference 
must only teach that the use of acetic acid provides some advantage in the cleaning composition. 
Applicants respectfully disagree. A general teaching regarding the benefit of using acetic acid, 
without more, is an insufficient teaching to those skilled in the ait to use acetic acid as a 
scavenger. Rather, there must be some suggestion to use acetic acid as a scavenger. Clearly, the 
Sakon reference provides no such teaching and therefore does not render the claims obvious. 
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Moreover, the Stanford reference isdifferent from the p^^^^^^ 

reasons stated with respect to the Sakon reference. 

/ In paragraph five of the Office Action, claim 49 was provisionally rejected under 35 
U.S.C. §101 clainxirxs the .ame invention a. claim 27 of co-pending Application Serial No. 
09/207,546. Applicants have amended claim 27 in co-pending Application Serial No. 
09/207,546. 

. In paragraphs seven and eight of the Office Action, claim 27, 51, and 60 were 
provisionallyrejectedunderjudiciallycreated doctrine of obviou^typedoublepate 

allowance of claims in the present cases, applicants Will submit a tenninal disdai^^ 
pending case. 

rONCLUSION 

If for any reason, the application i.not considered to in condition for allowance on the 
next Office Action and an interview would be helpful to resolve any remaining issues, the 
Examiner is requested to contact the undersigned attorney at (312) 913-0001. 

Respectfully submitted, 

McDonnell Boehnen Hulbert & Berghoff 

Amir N. Perm 
Reg. No. 40,767 
Attorney for Applicant 
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27. (Thrice Amended) A method for removing organic contaminants from a substrate, 
or..n^. c^ntamiii.r.t. .exultin. fn,m a prr v ioiiH l ithoprap hic step, the method c omprising the 

Steps of: 

contacting at least one side of said substrate with a liquid comprising water, ozone and an 
additive acting as a scavenger, wherein the proportion of said additive in said liquid is less than 
1% molar weight of said liquid; and 

maintaining said liquid at a temperature less than the boiling point of said liquid. 

S 1 . (Twice Amended) A method for removing organic contaminants from a substrate, 
th. nr panic contaminant. r...,.ltin. from a r--i^"« lithogranhic Stei). the method comprising the 
steps of: 

contacting at least one side of said substrate with a liquid comprising water, ozone and an 
additive acting as a scavenger, wherein said liquid is comprised substantially of water; and 
maintaining eaid liquid ^ a temperature less than the boiling point of said liquid. 

60. (Twice Amended) A method for removing organic contaminants from a substrate, 
ti.. nr p.nic contaminar tc ...nltin. from a vtev\m, lithopraphic step, the method comprising the 

steps of: 

holding said substrate in a tank; and 
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filling said tank with a fluid comprising water, ozone and an additive acting as a 
scavenger, and wherein the fluid is comprised substantially of water. 
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ABSTRACT 

7b« punty ot w«icr puTtbcea is dd tiomtiAl rcqul:dtc Ibr tb« cuccugftil MrictUdn of VLSI and ^Uicim ^mt^- 
vaf or ciaaii^K ciMnUsoy has remained cuiatiauy 

hydrogoTi pergiddc valuttqns, a bnicpM loiQwn v *'9CA Stindud Clun." Tbb is ftlll die piimvy mMhad usn in Urn in- 
diixU7 . What taAB chanKKi is its Implemanxdon tfltft aptuaiMl a<impm«aT: frm ttm^ iomomttn us cea«U0ai smsf- 
ins, meAsnnic taeh&i«ue«, anH wttnlf^gwH s^cfeM^ P>oe««8tiv0 mt allow linittlWiMauA maovol of both ooatelhtent flJins 

DtdxiS mwcSfStftL Several aliBrnaQve csi3bttff mAbiMaA also taAd. uiduSiiB olua&f fiduflfiu, dhomieua 
vapor etching* «u4 XJV/oxpnc traatmentc. t)to ovolutaan of aUlcor^ wofcr ritfietilng |9V>Mea end tKiuuilagx ~ 
reviewed from th« ISSOs to Auouflt 1989. 



Tha ImportanM of cleazi ffub'tnia lUirfiim ib tbo fabri* 
caaon or scmiflonauctor mimmlectronie 60AM has bttn 
recQgmud akiM the early days of tho ISSOi. A« tho 
aujxttni«nits for increased deuica pexfcmuicft «ad i^UahU- 
Btrin^eot in the era of VtAl and 
ULSI d]ic<m circuit tKhnolci^p t«ehniilu«a to oon- 
wn^otlon and preocsao to s«n«»tB wty doon ivaflff sui^ 
faees have bttcoma critiGaUy important Besides, over 60% 
of yield Iwfses in UivegraM cticuii nwiemtfon an gmm- 
ally Bccapted to t»a due to mler«>eon«amMtlAB. Ivaee Iter 

purttias, such «fi sodium lonx. metals, and partiolasi, m efi> 
pvoiaUy dstriiBeDtal If pMinnt on octninttidactDr suAoes 
duiing blgb-t«mperature procesaiiig (thermal oaiidatton, 
aiffiuipn, cfpitoadal growth) becauac ihey nay avsoa4 ad 
diffuse Into tha fiOnieondueter iAtaxdor. ImptDWK must 
slao be r<mo««d &wq sUiftces bBfon ond/dt sltar loww 
tamperatura staps. sueh ehomical vapor daipoaitioa* 
dopBTLt impUntlAB, and pUsma raaflConi, Posielaania^ 
:i£tMr photorMiat atrippiag ia namuaaiy for ovvy maalc 
lerve] uiroujjhout the pniduttion prooess. 

Many wa£*r eieaninc techniciuas hav* bw^ iaaM azid 
several m belns usod. The tfenarally most auccessnil ap- 
proach tea silicbn wafcn without ma talHr a tton uses w«b 
chemical treatments basod on Hydrogen pgmfl iia oHorn^ 
i3h^. Thlj pmcesB has rnnained eaasidalhr unchanged 
durixig thq pvt 2S hUt impoctjttt adv«iiQ«a hove 

been nwde in its technical Impaortiflnuaon. The evuiwion 
of tK«> aW^ning taehnclopr for pramotaUiaad dUoeo wolbra 
f rom lu beelnniae: to the praaant tinw bo traml in ^ 
paper. 

Type. Qnoini and c^om of Connnnlnonn 
DnpuriOefi on silicon mUer surlaces occur ia euanoally 

thrav foma: (0 t^ntaminant fllm^. <U> dicnrtc p«xlielaii| 

and Ctii) adsorbed gases that are of UtUe prOotiBal cooso^ 
quci^cc in wafer moovsBinc. Surfua c nfttfcminut 
«nd Danldec can be cUssxniad as nolocular convounda, 
lanic mAtariala. and atomic apedea. Uoieeular eompounds 
are ma$tly paxticUa ox 6hn% of Qnwdnn»»d or0ma vuora 
frvm lubrieuWi gnaaoSf photomiati aolmt zalouea, 



□ompoaents fnm piartlc storago ooBiBlasfti a 
Ides or nydroaaQes. Xouc mofaslals eompriao eaoons and 
anions. moBtiy from inorgwio eampouAda tlsuas nay no 
physicaUy adsorbed or ch^^aDy bondod (chomiBorbedX 
such a« «adiuxn lons, duohde iona, and chlorine ioaa. 
Aiomic or aiamsital specios com^Hie nSftaU. such aa gold 
an^a coppor, that xaay be «]«ctowk«pdEaiUy pUlM out on 
the siUeem suxj^e fmm HFiContainlng aotuaons. « thoy 
2n2y consist of slUoon partklu or natal dabiis from 

aquipmant 

Tbc lources of ImpuxitifiB ana manifbld. Hi dio esao of 
pxtfTidlMi, wKloh oin tw dataetad and maaauMd muah mow 
ea&Ay Than conWBinant aims» TBe m^or aomces ara oqui^ 
m«nt, ehamioalat fatftory payoounai, and pioduatia n jpy 

cesser. For example, macbanical euuivsaost BTOPeas opm- 
toTv, fUmaoa tulwa, Aim depoaitiaa ^rtau; gas piping, 



and liquid oontainon bc espedally soloua aoiuoas. 
whmaa matarUls. Ui^uid and gMous chamittls, and am. 
bi«nt air tend to cause Ins particla contattlnaiioa; but all 
Qontlibuta slgniAaaHtly 10 tbo tfanoiation of eontanunant 
fllna. Static cbine built up on walbrs and carrlen la a 
powovfbl maohaiuam o£ ponlolo dapodtkm, bu» ia often 
overlooked antf not prapviy Ooan wittt 

Molocular contaminant tUms bn wafbr surteeo can 
maan attecqve fliaaolng or nnsinj. causa qobt irthasinn of 
dopostled laoron. and load to haimfUl doovonvoslU^ P>VKi- 
ucbk For ennvlCk orgonk fllauk if haatcd to nigb tmnpeniu 
mm in a noncoddiaing auoaphm. con wboidve and 
fonn sUicon carbida iliat can miOedfe pcOyoystalUno tt^ 
gicvsa In an epitaxial daposlL Ionic Tim and motalB caufle 
a ha^ of prabhqpaa in smiecinduetar devloea. During bi^ 
tempsnture proeccalni or on appjifiation of an aloeMc 
nald they tnay dti^«ae Into the buSt of tba aondoonductor 
Htmeturo or «pMd o&ttie aarfaflO« leading to Oloottloal d»- 
ftctB, device dagradasioiii and yield Iodbcs. Pot exmnplc, 
highly moNUo alkaU ions may causO' drift eumus and un- 
aUblff aw^M potwotfaO* shifts in thnabold and flatband 
vottagOB. surfroe cuxrent loaka0ft.^aid ma^ lower tha eoddo 

bmakdovn Md ortbcnoaUargrovn layacrs. m xnm grua^ 

of ii^taxial sfilcon layvri, sufflaently high GOnoaiiM 
or lona can gtvo iclao to t«lning dialncxtiana. staddnc 
fbultsi and other oystal ddbeta. Atomic metals, aspoeiaUy 
the heavy metals, cen a&ct minorfty^earrier liliMbiui, 
lace cooducUan, de^cal dcvi^ statdllty, and lead \a 
abruotuaal dtfaota in opltudAl lay«n. PM«ioUa piay oanM* 

biocldnff in photolithogmphy and Achlne or finain& and 
load to anorts if they are eonduetive andloeaiad n^iaemtt 
to cqadtfocnr Unaa- Ttaey arji conaldetoa pomitlBl ktfier de- 
falk if tkair eiae aKooeda one tenth of the Uncwidth. Pofti- 
dflB that ara nroianl durini film gmlh or dapoaltion may 
load to pAnbcdoOi ffltttolol Yoida, OBOks. eod the gaoieration 
of dtfMa noted abona. dODondinf oa their chemical eeo. 
positian. Additio«ial iafermation on the natuxe, origin, do- 
taetioBu and efflKt^ of contaminaBts Is anmilabla frokn 
laetad papers and rcviev* (l-lfl). 

Eairiy Claonlng Praeodttras 

During the early atagas of ailiean wmte p t i ai a nh ijy until 
e^iii 1070, one uaed orgonle aohwt eairaotifln, boifing nl- 
ifarte acl4 a^ua ngU, ooooentoatad bydroduaqriB aa&d, and 

hot atdd mbnui«a as <!ilf«r£mg mtmrne^^- MBRum orsul- 
itflfl add-qhromir uMdtmilo ehranium mtaminatlon 
and caauod ocologtoal proumni or oispoaaL afiarturas of 

vuUbalc add and hydsoga pftm^ril^r cauocd ouUbr cobf 
tamlnation. Aaueoui sblutionB contalniBg hydrogen par- 
osdde hod long booi used ftir afbctnm tube cam- 

ponenti 04. 15) but not fisr semieonduetan. tn genacel, 
hupmity lovds and partis4ee in moss cbflmloada ware 
huh and In themselves tended to lead to aurfboa eontami^ 
nation- Pwrticuleto impiuittea worn moved by ultrasonic 
touatmem in detergent solulSonc or by bonuh Borubbinff. 
The first caused frequent wafer breSkaee and the saoond 
ottan dflpoalted man debfis dtem the biiatles iban it ze- 
movod nomthewafnrfurflioc«. 
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ClaonlnO Pioeasses Bcamd on Hydtogan Parotide 
SoluTloni 

CUaning ek«m{AtTV.*-^G fint 6ystinn«ticaUy d«v«loped 
cleanse proceiv for baxe or oxidiTad liliemi wafora wa« 
^sad on % Wostcp osdoinf aad comple^dng tmmient 
wn& nyaxo<:sn peiosdda solutioM! (i) ui «u&a]lM nii«mre 
9t hi«h pH bUaw94 ^ (ii) ^ ad4ic mMur* ftt low pH (1). 
The dhole* of chMueals >vii« h«Md on rvootlon chemWiry, 
oxidation potuitialfl, reacetiT purity, reatfaht voUtiUly, 
safa^, aad oeonomy* Tba proemip W4s developed at RCA. 
istraduced co deviee producdon m 1B66, and puhlishail in 
1S10 ii), 

m t&« Brat matzneat atop themlbn an ttpoiod «o a hot 
mMwv of wataA^dilutod hydnfun pcro:]Cid< and atttno- 
niuiB hydJQxidfe- TMa proeodur* was d»si0wd to ^movn 
oTfinic suxfacB Alma bgr ffiddative breakdflvm Bn4 4laBQiiup 
Uon TO expose the dlieon or oadde surface for coDcuntnt 

or aubseqiw^kfi deronucnlnaaoo nqoclonc. Group IB wnd 
XXB ffiatalf and mv«^ othsf tnatab« including gold» aUvv, 
ooppar, nklcol, cadiniuin« cobalt and chromiiin, an 
dls«Qlw«d and maowvd by tfec eottplcxins eftativonen of 
ammanlus hydroxide; copper, for axampla, totmu tha 
CurNBt)^'^' ■am»<o&nplG3& 

na oocona treatment step aa^poaes tha nnsad waiter to « 
hot mixtun of wattr-diluted hydfoggn iwioxido and hy- 
dtoebloric add. This proaodiv^ waa daaigmd to KtmoVe 
«Umll kma, and eatlona vuch ac iU*^, and that 
form KH«OBdniiolubl« hy^roidda in haol^ aolutiona. Thic 
^ecood stop alio eUlBinatH cnntaminanti 

that werti not entLrely lemovud by the flnrt tKatment nucb 
B5 ziBCTrvBhamtcBi dupuceniant xvplatinf of Wvy 
Burtalff from tho aolutton u provcnted by fionnatiQn of BOlUr 
bU complacBs with the diisolwad metal loaa. 

Salarion cOmpoilMofw procstf etrnditiorUi 4vid afftetiis^ 
n«ss.«Tha ^olutUm oampositlona en baaed on ulbefilr 
tend deionizwl water, elocnnta mda NH4OH (2ft waleht 
penmt Mo) aa NI^, doctronic-nda HCl (37 w/o)* and 

huh-puniy -unicablUaed" HA (30%). The hydrogn par. 
oidda muat be lotar in olumlnuiB end atabiUnr additives 
(flodliua phnsphaVB. aodlum atannate, or andno dative- 
Hym9} to pnswcnt wete ivcontandnvcioD. Tlie uaual volume 
racLM for the aolution \tfad in ih« 5nt bwbnant atap arc s 
%0;l HiO,a NH4OB; tho mucnm i$ knotim ae '*RCA 
atvndard clean 1 or SCl.'* Ue ueuel vcaume ratios fbr ifae 
second aclutton no «B^:1 W^CX'i HCl "RCA atandaad 
clean 3, or SC-3/' Traatnmta by the aTl£lnal immoilon 
tecnnique are Typically ID mln at idr^ifCm each aolutiDn. 

slve osannal eecompotltlQn of the hydro^vn pamiddo. In- 
tamediate and final rinaea in uteafilterod daioniaod water 
erauflcd. 

The eflbetlvencoa cd the proceai was OemonainAed by 
«ensltlve radioactive traeor swamMmeAtu with acvtnl re- 
dlonudUdoa (I* W n4 bV capacnance^^tfe bias auu 
perature meaaumnenta of UOS capdtoRi (1). Hrid |o|u- 
tions are uxiSUble at elevated temperaturo, evpoelalhr «t 
blflb pHi rapidfy docampoaini; to E/> and Q]« ttie procesi- 
ixu temperature thoM thmf era be kept at VS'^SirC to «uf- 
floUatly aetivnta the mi^hiiaD ^thout cauaing eiMB^aively 
fa5t decoknpofldtiokL 

OpHonaK iwuLgart np nepff.-^ nrali^alna^K eUaiM^p 
ti«ainont u/ith a hot S^BOrHgOa mixture (iil vol) can be 
used advuiaceouBly R»r iraaSy eontaninatad wbCvs hav- 
infi viaitalQ rosidueei aucb aa pbotoioBist layvs. Mf**^** 
step, n^t noted in the otUnal paov (l), oopimiM an atoh in 
KF aalutfon for bore fiOicon vttftm. Since me hydrous 
oadde nim from tha SC-t veeteoent oiu' trap txace iix(pux> 

ita mn^al pdim tho SC-a atep d»uld be 
A laa linxneraian in 1% HFSfi solution ia auf&elant to ro 
aow this fiZfn« ea evidctnd by the chance Stan the by- 
,dXDpbiUc nxidirad auAoa to hydiophehio aflsr oMpnin^. 
Hovwver, unkaa hi^puruy and poin^'4iae ultramtand 
andpartlcla^ea H3r acaution la uaadundor controlled con- 
ditona, KnoTB hann ttian fiood canxasuIL A aiUcoa surfece 
that waa exposed to KF Is highly reedlve and immediately 

idlu. 
.the 



•ubso^uvnt SCJk Bolutloni which baa no turtactant acilv* 
ity, will not eHmlnate theae contaminanti. : t may thorvfor* 
be profeable to rely on the diaaoludon act on or c&at 
diaaobns and ngpowa the hydialed osddj layor at about 
the aame rato. If the pceclean li used> XAan the 1% HF 9tep 
prior to SC-1 ia aeeeptabU alnoo SCI 1 cmovc the con- 
taxnifumta. tta^au^ of b«r« «llkon watbr \ 0 HF otter SC~i 
should not bo don# sinee ii would deatro^ the paaaivatod 
surfhce naulting ttpm S&S and cause reca numlnatlon. 

/emeroion tethwi^.— TCbe oxi^al RCv claaninE pro. 
eaea Vfts baaed eh a ftUnplo immoraion tea! udque. Several 
diAMnt «n4 imprwvd tacbTilques nave ti sen introeuced 
over tha yaar«» aa oiOlba diaouaaad, Tha itrmcrDion prpcq^ 
dim la done in vesaob of fUsed sUica to pre> 'tut laachin^ of 
alumfaucn, boron, anO aUsalia if Fypoc s aaa is UfeO. A 
taeteh or waiien ts immezsad in tha SC-1 0: SC^ aoIuUon 
u&dor the prescribed «endltlana. The r Action la lAt- 
zninaied tnr oveiOow ouencbing with cold \ )I wat«r bof ore 
the aiaibrs an tnnfiftored to a flow rlnM ay} tern urith ultra- 
flimd&XMtar.felk^d by fip&n drying it a wa/cr centric 
fbge. 6e«ml types of zcflned wet bench j izunerslon 
lems Oar auxomntad precesslna ara nm availnblc tor 
ItvaMcnl* pxoduetlon UT-xe). 

Cmutrifugal apvoy olconiTiff.— In 1876, PTil Corporation 
introduced the fliet aentriAagal flpn^ aU'Abk« »»whlnc 
spedfically desired for automatic opervttob with cor- 
raaive cBcmzcalB. Hbm ^MmCars irotate past a a atlooary spr^y 

•elunw. ytMul L id mtsdm and n«0onY aolUOmai mcludlZlf 
hot SC«L SC^ and St wat«v» ar« praaaur »• M intp 4 ndst- 
menlibld and then dlreoced as a dlspar ted spray onto 
the aplnnine wa£Brv. The apio-rtnaed wafei 1 are dncd by 
hlghrBpeed spinning ID heated Blzrogen. A n duced voIuim 
of ttmMy mtacod Monmta la uaod and the p -ocBaa is fUsiar 
fhah hy immersion. The chemloal daanlng afgaianoy, at- 
ooEding to F81, i« compwaUa with th«t of 1 nmersion. hut 
parades are lamoved mona effiolantly. Imp vvod varaio&e 
of this ayatem M) and other types oT spray i ttocesslna ma- 
Ghinefi are widely used hut tond co t«( :ulre consider- 
aUoi 



JlepojMia DlaoTMg^The oTigual omact *v of the HCA 
deenlne process was the resneval of cant unuuuit fUn»& 
ndhar tpan paitiolaa. To comsiletnent thii «chnlque. the 
megasooic pamda removal ayctam was 6m doped at RCA 
oMd ftpa» dcocsaiKsd in i^TS csi>« A olgMy otP icuve noncoh- 
laec SOUbbtng action on both front and hoal : side aurfocco 

of the wafaa ia achieved by uitraikUh^ ouency ^onie 
anerSV whUa tho waftye era aubmargcd in t] ,g deaniitg so- 
lutton. tfa« aonlc waves or 050*^13 Xlfa are g« inarated by an 
array of pUiaaolacbne fananaducaBV' Partttilca : anglnc in via 
from sweral miermnemn down to about 0.3 ^ua can af. 
fidontly nunovod with input powtrr donsitk > of 2-0 Wfcm\ 
Tot ctnnpaxlBon. umaomc systsnf opam « typiooUy 
3ttg0kHa and raquin^ pow^ dcaaltleB of \.p 10 50limeB 
thgt of tha megasoDic system but ere muob lass ettl^vc 
for rutuMrixk^ vrv^ email paraelss. 9fiagaRUUc elaanuxe 
made it possiUe to remove simultaneouals contaiDiham 
films and partidaa in one operattep by eamli Inlng tha par^ 
oodda teM'bBantB with, magasonica. The syv om allows ro- 
moval of pairtlcUft« orsahie contaminant fib and Ughtly 
adsarbod eoBtandnanta with dieted 3 aludon at xae 
amooon batn tonpexatuza of only $S*4rc. Chamlaorbod 
Inofganloa gananUy require higher tempeiBturea Catiaui 
7(7^ fbr complete deaovption anth flC-t one sc but no 
quantiiatlve data ara available as yet A dett i]ed paper on 
maaaaonic waSor deenlng vaa puhiiiihed In 1SB$ (2a), Zm- 
peoved mc^onic syetttDs buitc und« Ucn so (rom BCjl 
novo become avaUablo in tho pan yaare from Vc^q, 
eomloonductv iTe^molocri and BsielL 



attra«:tj particles and organic coBOminants from sd 
tions, DJ m.iat, and tho ambiant air. Contrary to 3C-1| t 



CIoKBd spatam dboniiaoX cfewtitia^A systcsTi ternicd 
Fuaonorw-t developed la I88Q by CSm Teeiiaologies, in- 
corporated, is baaed ott Iceepiu the waftn i '^tionary aad 
eneloaea m me ayiam durtagtae entire a)a« oi4>e* rinsing, 
and drying prooaaa (gg). Tlic vi cyntalniig the wafers 
ishydiaulleally ^obtroUedts remain flllad with hot or aaia 
proeeaa fluidai including 8C-1 and SC-2;tbal flow sequon- 
tiaUy end connnuoualy over staaonary waf srs loaded in 
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Chmelegical titgrehwe lurmi 

and 5S3uI by variotu ""^^S**! ^J*;^^ 

ftf tkc ftCA dconwe method pubii»««a in IV '» 

w,fcr cl«»«iaK p»ttalnit< modficaBy to byd»B« 
Ida «alutiona, UP to _ --iu-Hbb 

SC-2 c»uied carton oaatomituttlan oi»a aiaww 

EM «i» oth«r deaainc prt»«*B« rt 10»/obi». 8C.USC J 

SiSTspectrconrtlc wiUyai> OA), fa l*" »3» 
SSiSuSwnr dawlM m pwt df. book diw^r « 

S SI «ithflux Bmentiae satWM «f«i*»5J^ 
cludTd that BC-l/BM wior to owidUttMi ta MMittaiftJ 

Sim Bl ter o vwiely of solutlonp. The ««««n2^ 
of sc" «at ituw olfccHo* than that far SM. but *■ 

^fcund to^ 1h* mart «»rtt«« athad il Mlgi vM 
surface conewCTttaM ("j*^ J^^g rtSl^fflw 

much «oi* .filiiniv. 1h«a K,P04*Pi, ^i*flB » W 

alone shdWad pOCflT "ffl^i^^^^^L-a / ^ „ i_ ^ 

rpe^Bcopy) to 4«tirnDta^ t5u> ndatlv. 4U«tW*iofoaj- 

«ininant3 oo Si. aeanod w»to ww« piyp oitfy ogMt- 

naWd uHttv grow qutotttU* of auip«n>tt» *<»|J»i^^^ 
ah and then deancd by inw><nj« « jJ^^LlfSS^ fcSt 

SW type cieanlne soquanee ISO). 0«>*"» «' * 

mataU OA St OH. Th. autbw OOU) 
vflDW of the subBBCt on tha occMion ""^ ^^pWiS^SS? 
Nation of the ««itind l««>WlO?;i» 

fan- In BCS-l. *»«: rtfc erf lJ>«iiuJl» ffo«« WOl * fg* 
rate of CVtS 81 JI* 0.2 rfSw *„?S?vSSS 

sr«B«. Hon**, tadiortad 'si?*«sf5j2r 

mi.Jrui«l by dUp.»»P«by rfUr of tow 

eon«,<:utlvB tfUMMt* In fr««h "* 

only 7.0 tuii«0«al», «■ 0.00 ttm/oiln. tlad^ *• •«»• 



B«»al 0981, IWS) "T'^lJS^S^* at^!SS 

uarf XPS aaafimto to BMinai* 8i after wrt 

e^^^^AM^MtaoBt with aC-VBCa or 6» W •olt»tioirt. 
SSjy^ teclWBCoW. 0«l^ 

LcH. and aJ- (S»>. &» 1»M ■"'^» "'^'^IS 
Sn^daWU mad to tBBt far the mmwl of N«, K. Ca. Mg. 

(WM»fo«TW anffl that Al«ai 



cHibui IsrtBid of aw«d <•*>• ""JSr^^ 
5^n«lSi>a«0«»«d eBMa of BBnto»uum«» an 

SosjS««itorp^ud« 

StMtfbi •tocbtal iwp«tiM wuitod from thBK two 



(ISBT) otoliMd giwMlli Md pTDpfiOei of 

STiSSS dual dJal*e«e. AW«W™5LkS 

Z-«^mi Oowto- fiutee. tod buic madia lueh as 
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erf Ctt and a with SCJ^B^ P^t»^ 
that iDfllali of hiA e&tbVy of axide ranoanob aaAarb on 
thA Si luzboo by ead^ ibnnationt vhosou mat- 

Bla of low ionlxadoa loBdAncy depoatt elBOimchfimieaUy 
on th» bm SL Geuia «nd }i«n« (1980) amdlcd ih« otchin^ 
or Miivo SiO, wid SI m WILOHJHaO. HHy. anil SC^l by 
lioBowby- Smra Si curfko« tdmcIuiw wil»«d fimm 
muaxL M£ with BHT, and nono with SC-l (flo). ohm* 
ct oL (I9fl0) cwmi^atcd paniclo rtwoiril effidscar of wjr- 
erm cleaning solutioiu. Hot fbuwi dwt b:i:j $C-i oflt- 
cdtaitly *«movOT portidci ivfcr th«n 0 J pm, ^*5S™f ■ 
l^ose manor than 0.6 ^ ("hixe") luUess the NH^On ntto 
wu Oaccased to one ha}r or latfr Ui which case bora Tynac 
oftiRrdalas vara redueod tifflcicRtiy. Kowaw, no prowasr 

of bhsmieai e«itit»iu&t filmo wcro mcvtioncd (51). 
ttlmon fft oL (13 W aviluBted efEheta oft dluilon chenistiv 

(ailil. SO-l, ni water) ecwipo«i*ljm t» mm- 



Bppcard to 



toaEcar 



1et«U sot pnviouBly atatnaUe Wl- 

Altomotiwe Cloanlag Tothnlquat 
Oeiumil.— Many taeftBiquea fbr dmnlztf sQicon wates 

Kavc bcfm tnoii over the yiaira ^th. ^axlaua d«gi» of mic- 

OML Soiiw YodmlQuca aro usofUl ooly tor ipociflc appuoo^ 
tioBS or may taboduco midcalroblo side cAcb- for «m- 
pie. al0w diBahu«« tofib«l-i»« (BSJ « p1m»* 

otdiinr eflMlvely atrip photaeabt Om but kavo inor; 
g^^i^ flottWlfcuinU and mstila bahijuL VaHott* typaa of 
pputiHT-vBcMff (OS) oan cauao miziaca ilaaugc* {tame lea^ 
M^UM WBialji nMtricta4 to «artcin appUcatlanc, wch as 
niuoa TXiacmenu fbr ureoaiuut imaU-fBomotxy dm« 
^mtiialllsmoB (M). or wetcheiDical etchioK of the siL- 
con to rmiew otoOJfe aurtuo Jaww by ^di di«ohjtta 
ca lU 1^ fciU^'^uinv fiwr lachoiauo* have bnn fo^ 
bto and, In «om« c^s^. c*B ba * d«»ir»bl* paditton or alfcft- 
nattwv to the pnxnaaes buaO on hydtogcA pQO30da ftolu- 
tiona. 

Brush acruobtnfl. JIUW Jat o«»4 Tiltrwonte tflcnniow,— 
Th» wioual of lav-«a pafttolai U.O,, 9^ "I* 
UDpmc op<nitiflna) has bean acwnpUahad dnoa tha oarly 
dayo with wafcr idnibbing aacUiwi that dialodgo pttO^ 
cles hydndynamnlly «trith bnufaM mad* of a by AophiUo 
mawial (such ai nylon) wWlo pi « ^^^ttm} alcoj 
hoi U appliod to the sujftce (Sa), A thin layer of duid nuat 

tie nimoa n«ctt«n me nrosn ana tnc wajnrs ^"2? 
TnocHwieal adluatuint tp pi«Vttit mrtsn acm^chinfi OB). 
Whila many contradictory daSafl have Ween made (SA, if 

Sve^r moving paitkies lar^ fhaa 1 »un ten planar 
Btod9zi:£crablytayi£«(PhiUow«teMXteea. . 

HiS^RMwa^fti^dlat ojaoniao eonaiata of a hiah^ 
vidpaty iat of Uaidd awoaolntflvw tho sumeo if _5ja- 
■uw 5 up to io* pai (88» T!ba Uqu«i oa» U DI 

or tffianic aolvasa. tha inaar Cbr«BS eSteedvaSy dialedfa 
subfoicton partioWf and pooaMle into dmoo toyopophy^ 
tout oamaga le tne want «a& mult arith impiopoly ad^ 
jufltad pf^iaufo (10)* 

UlOaaoDle tncbniques uao sonlo aeasray of SO Ufa and 
aoovit to difOedcc ptfooiaa, ittcn-iAtonatty lound wavai 
lanmte nitsiuM fluchiatiou that rasult in oavdstion 
Subblai which uyon coUmajng^ratoafle mou«? «|=S£ 
diidodta sod difporm p^rlklaibttt ean aiao load to wote 
Omofe (ftO). iteinn « of. hwe receniay Inwttgatad vm- 
oua elMHidngHquidti fbr lonmiis paitialea avm ^Awn by 
ultmonic and amy Jet techniauai (57). DI water was beat 
Cor rawovinc polywartc pofdolca. while oth^idhattirc 
Ci:U was Cbepttar than Fkwwis) far inorganic pa*^^ 
CtaAlnc aflUanncy dccraaacU with da^aaaing ptftldc 
fiue. A umauft aeimadcal deanlBff ayiitaro utlUiln« 20 le^ 

(hKiuMy ^nd only Ol wobw «• m»dlum wm introducd 
toy Brtric in 1986 Ofe but has bean abaa dhnw^ 

ChMnm eU«t»no--Jn eonlSM bsi q»a maehwileal t^K- 
fiiquas tor ^oAiola saotovai disoussad in the previous ck^ 
oon, ^ouno daaning is a e&amioal iraBBmt that wmovn 
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Gontattuxunt films but at i he seme time 
Bppoars U3 aoa cBitaln contaMinants to tha lutfkea. Ch^ 
Una, which is trlniaii*yWUhyd™«thyl hy- 
drouoe. vasllrct nroooBBd by AsoBA et oL ii I07fl ub) a 
rcplaccRiont for inar^anie baaes ftir etching ind cOeaninB, 
It is a strong and eonoaiva base without al<aU olamaAU 
end etehas silicon liko other baies, A fornvtlaciDn gf the 
ahamleal is availabU tern MallinnkTod uAder (he 
tradename "SummipClaan SC-15 M," which is a dilute 
ehouna solution conwamg a suifbetant a: id methanol. 
Stchln£ Of SI can toe pravented by adding H ,0| as an oaei. 
dant (59). Ttaaire is very UttLe publiahad infon lation on thi£ 
suta^et most data being contained in pro^iAUry t«chni^ 
cal Tvpaits with contradicstory multd. ?oly<^ ow engineer- 
ina manu£ieturaK an automsttie AiioLeateotiM mpmy 
machine thet usaa a wann cboUneJSifOrB,0 1 oiKWe and » 
DI watar apray rinae (18). In soma procodure i the miaetun 
veplaeof oniy SCI l»«ia BCA olaamuut proei 4um. Xn leas 
ICaos disninad o3^da defect deoaitiea aa a ftu ictlon of vari- 
ous preoxidation daana including oholltia-H«Oi^H«0. 

HT-nSo, nOA «1mo. and TrV«D» W). 

UVonw and odwr dry^Wuning wehiUoi as-— Irradiat- 
ing a iuiftca with ahort-wavalanach W fion a oiercucy 
ouaita lamp in the pMaanoa of oxygon ia a p Twisttvl tssebr 
niflue itor mmovinit manv oonuminantE. Ot /gan absorbi 
Li3 am ladiatlon ftofBUBA vc«y active oaeotoff « id atoTiuc ox- 
ygen (61), The tachnioue is most «uitaibLe for oaddatiim ra- 
moval of adsarfaod ormniBS, but in ffanvaUy ntn cfltBcilva 
fbr moat inarganics or meiala. Tbormre, iu v sa in the past 
has ben limited, in goMil, to special appU :auons. sucn 
as OaAs wete eLaanin«. Impnwaaianta in o: ada vuAUUiu 
have bwn attained by appl^bj the teehniq^ lo ate SC-l/ 
SCJ/HF-H/). immemetajy Mbm ojddatiBn (B2). RusyUo 
vtoi. an9) shoum That uv-^ ciaamni! can replace 
SC-l imoving orcanice (Bg), and Koos i:eporlad 
ytovemfflV tn propastias of thermal oxida fi) ms (60). 

flaonig (1986) invcBtiBaied the use of dry lc<!siuiwfdr re- 
moving partlelei torn wafaa (ga). CUan, U^u .d CO, from a 
tank ia ■Uowad to enand to farm dty ice sr ow, Vhlch is 
toloitfn acroas fbe sumoa. The sliding snow is quite affec- 
tta fbr oudbunicBlly lemavtng paradas. Pa Tide dexich- 
zncBthy elaetrostattc teohniduea has been inv estigatad but 
Ibund to be xmpfafdeOl (13). In 1SV7 PSI Corp jraUon intro- 
duced a proaaaaing sy^m fbr anhydrous IT aae phase 
atching of oadde and aoioate films at room tosiparature 
(66). 4p^icadonB to devloc procasaiog wore published in 

lasa (66. 87). The eonrnminatlon prouenu 1 ihetent wiih 

UF-XbO •«Jui±<« ^v^rc aWdsa and in coml'inaUou wtin 
the Uv^^mne tachniqtv qooadtutva part of m ulnpun, 
integrated diy cleaning process that cnb be o trried out ei^ 

Sniv in ttw » phase and may replace oqbn enlOAnal w*t 
toBhaiqutt. RcnoeBl of toeialUc impuAdas could be ac* 
ttompUshad by uae of a rample micfo^^vo pi ma (69), by 
chiosiBo ndlaal laonnlouaa (07) or by phot 'induced d#> 
vQipaon in f^wsbmt gaaos «68)* These ew pn ccsacs being 
deutioDed axe an aeSgnad to remove contaiB Inants at low 

tcmponvtum es volatile coxapounds withon damaging 
thenir€ua. 

WofepRlnclns aitd Drying 
The last fcepa tn wafiar doaning are rinslnj and d^a; 
both ere wtremely oidcal bccavve cleea wi Hm become 

loecmtaminated very eaatip if not V^^,"^^^;^^}^^ 
Rlnalnc afte wot cleaning ia done with Co>Ping Mgh; 

n« tespcaraturc (84). Megaaetfe rinsing la a avanugaou^ 
02. Canttilusal epray rindng (30) and imilnff in a olesed 
Mtem (33) haw the ad^ntage that the ^ S^J^J"^ 
.ii«»v^ between deanini, rinaing* Mrf^ 
ing after naaln^ must be dene by tfiysical removal of the 
wite rethor 0^ b*^ aUcwing it to cvoporafic 
oGcomnUanes mis and haa been the most widi ly used tecb^ 

aluuo. Hot ft.rewl.aiy drying is a lp*«J™ii«. l^S^SSl 
Uiu chance for particle recontaminatidn Q\, l\2y Capsmky 
drying ia baaed on capWaiy action azui auift m J? 
jmic^^ ^tar. Xn&vidW ^-Obw «m piiM «i of W 
wSvat BO^WC; less than 1« of the watar namains and 
evapotatei, leaving a particlo^f^ aurf^ (71 ). In aolvent 
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vapor dfTin^ wet wiifbn am moved Intq ttic liot vipor of a 

diaplocas Ui« w«t«r. The wiltoi diy quickly and ate pardr 
ci^(r«e whtt the eu8«tte is withdnwo abevo the hot 
▼Qpar zane* Cammv^ai diyiAg sycuuns fbr ZPA loa tbr 
n^nflasun^bkU lolwat miacwM org «v«il«VilB C2a, TO), the 
punty of the solvent i« BXlremdy lniDorOmt and chs vmter 
coftiotot dujinff procBaBiBj mutt be doacW coxitraUad 
pnsfisrably fey coniihuoua tccyding (5l» 70). 

Conclusion 

PrDoessttfi and toohniquu <*»r c:3eafunc liMlOff, and dry* 
in^ bars anO-pxldMoatad fiii«on mafcra haw* 
vjvwftd the tosOs to th* travit Wet 
clMmne baaed on hytom bartixid« ftalMtiaiw and imp)*^ 
mcnted by <imm1 ^hfuq**^ to Jitui tiia inun proptBi 
us^ m indufitiy. Kowem« new waflar auifue pi^paration 
tTChxiDiogics buBd on dry procesa&ne is tnc of vapor 
phMc tthq bcijad d^^op«d OMt prpolka aupantf raBuiS. 

A great deal of meareh activity is takinff place in thia 
unportant qua of t^ohnolocy. as evld^fiecd by tho ioh«d- 
uJfid preBantotlon of over aq mmt Cnot nlensnoed hmui) 
at thd ThtI XoteniatiAnal aympoaiuiu on Walbr Qeanina 
Tactmoiofzy m Sooilcenducter De«fSce ManufbcturiiuL dZ 
tober XB^IB, 1869, at the Elactrochemlcal Sodoty FaB 

Manuscript lubnunad Sept, 5, liSS: miaed manuaeiipt 
reciuved Bee. 21, 1889. this Wa« Pap«r 991 pmoted at S9 

Lom JlfiwdrcK Corjiomtion ojauUd in wmttiiig iha publL 
carton coai» of thii orticle. 
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